Thirteen crossbred boars were immunized at 1 mo of age against either testosterone-3-oximeequine serum albumin (treated boars) or equine serum albumin (control boars) to test the hypothesis that active immunization against testosterone stimulates testicular growth and development in the prepubertal boar. All boars were injected with the appropriate antigen at 2, 3, 4, 5 and 6 mo of age and were slaughtered at 14 mo of age. Active immunization against testosterone resulted in an increase (P<.05) in tritiated-testosterone binding by plasma within 60 d after the primary immunization; the degree of binding decreased by 6 mo but remained elevated (P<.05) relative to controls through 12 mo of age. There was no effect of treatment on body weights through 12 mo of age. Concentrations of testosterone in plasma were higher (P<.05) in testosterone-immunized boars than in controls; this increase was likely due to antibody binding rather than increased testosterone secretion because (1) concentrations of androgen in testicular parenchyma at slaughter were not altered by treatment and (2) plasma concentrations of estrogens were generally not affected by treatment. Concentrations of luteinizing hormone (LH) and follicle stimulating hormone (FSH) were markedly suppressed in testosterone-immunized boars during the time when concentrations of these gonadotropins were high in control boars (>3 mo of age). In spite of suppression of average LH and FSH concentrations, testicular weights, daily sperm production rates and seminal characteristics were similar for the two groups of boars at slaughter. It is concluded that the boar differs from the bull in its response to prepubertal active immunization against testosterone in that testicular size and sperm production rates are not altered, although gonadotropin secretion is reduced. Further research is needed to define better the relationships between plasma gonadotropin concentrations and testicular development in the boar.
Introduction
Active immunization against testicular steroids in the male was shown previously to cause partial inactivation of hormone in the blood, which resulted in an artificial hormonal deficiency at the target tissue level (Nieschlag et al., 1973) . Thompson and Honey (1984) actively immunized prepubertal colts against estrogen and found that testicular size and sperm production rates were increased in immunized animals at 2 yr of age relative to control animals. Walker et al. (1984) actively immunized 1-mo-old Holstein bull calves against testosterone and found a similar stim-ulation of testicular size and sperm production rates at 12 and 18 mo of age. It was suggested that immunization of colts and calves against testicular steroids may have perturbed the normal testicular-hypothalamic-hypophyseal interactions, resulting in either a greater stimulation of normal testicular growth occurring at the time or a hastening of the normal growth and development patterns that occur during and after puberty Walker et al., 1984) .
If the mechanisms that regulate testicular growth and development in males are similar for most species, then it would be expected that active immunization against testosterone would result in similar stimulation of testicular size and productivity in other domestic animals. The present experiment was designed to determine the effects of prepubertai active immunization against testosterone on postpubertal testicular and endocrine characteristics in boars. 1498 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 6, 1985
Materials and Methods
Eighteen crossbred boars (Yorkshire-sired; Hampshire x Yorkshire or Duroc females) from six litters were allotted to two groups at 1 mo of age such that litter and body weights were evenly distributed between groups. Boars had been weaned at 24 d of age, and were fed according to NRC (1979) recommendations for growing pigs until 8 mo of age when they were placed on a maintenance diet. Boars in the treated group were immunized at 1 mo of age with 10 mg testosterone-3-oxime-equine serum albumin (Erlanger et al., 1959) dissolved in .5 ml of .15 M NaCI and emulsified in an equal volume of Freund's complete adjuvant. Equal volumes of the antigen-adjuvant mixture were injected im into each shoulder and hip. Boars in the control group were immunized in the same manner with 10 mg of equine serum albumin. Subsequent injections of the appropriate antigen were administered as above (in Freund's incomplete adjuvant) at 2, 3, 4, 5 and 6 mo of age. All boars were bled via venipuncture (jugular until 4 mo of age and ear vein thereafter) every 28 d from 1 to 12 mo of age. All boars were housed together throughout the experiment and were weighed at 28-d intervals beginning at 1 mo of age.
At approximately 13 mo of age, all boars were exposed to an estrous gilt or sow for semen collection. Those boars that mounted were stimulated to ejaculation by manual manipulation. A second ejaculate, collected 2 d after the first ejaculate, was evaluated as follows: Semen was separated into sperm-rich and gel fractions and the volume of each fraction was measured. A .5-ml aliquot of spermrich semen was fixed in 5.0 ml of .2% glutaraldehyde in .01 M phosphate-buffered .15 M saline for later evaluation of morphologic characteristics and acrosomal integrity. Visual estimates of sperm motility were made by mixing .25 ml of sperm-rich semen with 4.75 ml of extender consisting of 5% glucose and 1% dried skim milk solids in deionized water.
Testes from all boars were obtained at slaughter at 14 mo of age. The testes and epididymides were trimmed of excess tissue and then weighed. For each testis, the tunica albuginea was removed, cleaned of all parens Supplied through the National Hormone and Pituitary Program, Baltimore, MD. chyma and weighed; parenchymal weight was calculated as the difference between testis weight and tunica weight. Pieces of parenchyma from several areas of each testis were weighed and frozen for determination of spermatid reserves; similar pieces were weighed and frozen for determination of testicular androgen concentration. Daily sperm production (DSP) rates were calculated using a time divisor of 6.19 d after enumeration of resistant spermatids in homogenates of testicular parenchyma (Amann et al., 1976) .
Concentrations of luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone and total estrogen were determined by radioimmunoassay. The specificity of the LH assay for porcine LH was confirmed as described previously for equine LH (Thompson et al., 1983a) and bovine LH i The primary antiserum (LSU-2; Thompson et al., 1983a) was generated against pregnant mare's serum gonadotropin, and ovine LH (LER-1056-C2) was used as the radio-iodinated ligand. Porcine LH (USDA-LH-B-13) was used as the standard. Sensitivity of the assay averaged .02 ng/ml. Within-and between-assay coefficients of variation (CV) averaged 9 and 12%, respectively. The FSH assay was based on an anti-ovine FSH serum described previously (LSU-11; Thompson et al., 1983b) . Porcine FSH (USDA-FSH-PP1 a) was used for the radio-iodinated ligand and NIH-FSH-P2 s was used as the standard. Specificity of the assay for porcine FSH was confirmed by (1) parallelism of pituitary extract and plasma samples with the standard, (2) co-migration in a single peak of radiolabeled USDA-FSH-PP1 with the immunoreactivity present in pituitary extract and (3) equivalent estimation of FSH concentration when 200, 100, 50 and 25 #1 of plasma were assayed. All samples from the present experiment were run in a single assay; within-assay CV averaged 8% and sensitivity was 53 ng/ml.
Concentrations of testosterone in plasma were determined as described previously (Gay and Kerlan, 1978) . Extraction efficiencies did not differ for plasma of treated and control boars (70% for one extraction). Concentrations of androgen in testicular tissue were determined by first homogenizing weighed portions of parenchyma (50 mg tissue/ml) and then extracting duplicate 25 gtl aliquots with diethyl ether:petroleum ether (1 : 1). The dried extracts were reconstituted and assayed, as for plasma samples (Gay and Kerlan, 1978) . Specificity of the assay for testosterone in plasma was confirmed by comparing concentration estimates for four samples with estimates made on the same samples after extraction and purification by thin-layer chromatography (TLC). After adjustment for procedural losses, the amount of testosterone measured in simple extracts (4.6 -+ 2.0 ng/ml) did not differ from the purified extracts (4.8 -+ 2.2 ng/ml; r = .99). Approximately 50% of the immunoreactivity in extracts of testicular homogenates was removed in the TLC step; thus, the results were expressed as total androgen concentrations.
Concentrations of total estrogen in plasma were determined by means of an antiserum generated against estrone-17-oxime-albumin . Tritium-labeled estradiol-173 (estradiol) was used as the radioligand. Under these conditions, estrone and estradiol cross-reacted equally in the assay, whereas non-estrogens cross-reacted <.005% . Estradiol was used as the standard.
Binding of tritiumqabeled testosterone (98.8 Ci/mmol) to 10-/A aliquots of plasma was used to monitor antibody presence in the blood. The amount of binding was assessed for all plasma samples as described by Thompson and Honey (1984) for estradiol. Cross-reactivities of common steroids in the presence of tritiated testosterone were determined for plasma (1:70 dilution) from three testosterone-immunized boars. For steroids that did not inhibit binding of tritiated testosterone by 50% or more, relative activities were calculated at the level of inhibition that was attained.
Data for paired testicular characteristics were analyzed by analysis of variance in a one-way classification (Steel and Torrie, 1960) because side (left vs right) was not a significant factor. Data for body weights, testosterone binding and hormonal concentrations were analyzed by analysis of variance, taking into account the repetitive nature of the sampling (split-plot design); the LSD procedure was then used to assess differences between groups within each period (Steel and Torrie, 1960) .
Results
Of 18 boars originally started on the experiment, six control and seven testosteroneimmunized boars survived to 14 mo of age. Four of the boars died early in the experiment and one boar had to be destroyed at approximately 9 mo of age due to severe lameness. There was no apparent loss of animals due to the treatments.
There was no effect of immunization against testosterone on body weight throughout the experiment (figure 1). Body weights in these boars plateaued at approximately 8 mo of age when they were switched to a maintenance diet and remained relatively constant until slaughter.
The amount of tritium-labeled testosterone bound by 10/A of plasma (figure 1) was used as a monitor of antibody presence. Binding of labeled testosterone increased (P<.05)after the second injection of antigen in testosteroneimmunized boars and remained elevated relative to control boars through 12 mo of age. The binding of labeled testosterone by plasma of control boars was constant throughout the experiment. When tritiated testosterone was used as the radioligand, cross-reactivities of other common steroids (testosterone = 100%) were as follows (mean -+ SE of three boars): dihydrotestosterone 32.9 -+ 8.8; 5a-androstane-33,173-diol 8.0 -+ 3.3; androst-4-ene-3,17-dione 1.8 -+ .4; progesterone 1.6 -+ . Averaged over all sampling periods, there was a significant effect of treatment (P<.05) on testosterone concentrations in plasma (figure 2). Total estrogen concentrations (figure 2) differed (P<.05) between control and testosterone-immunized groups only at the 7-mo sampling period.
Testicular and seminal characteristics of control and testosterone-immunized boars are presented in table 1. Active immunization against testosterone had no effect (P>.10) on testicular or epididymal weights nor on DSP rates. Testicular androgen concentrations were also similar for both groups of boars. Months of age Figure 1 . Body weights, tritiated-testosterone binding and concentrations of LH and FSH in plasma of control (solid lines) and testosterone-immunized (dashed lines) boars from 1 to 12 mo of age. Primary immunizations were given at 1 mo and subsequent injections were given at 2, 3, 4, 5 and 6 mo of age. Asterisks indicate differences (P<.05) between groups for those sampling periods. Pooled standard errors calculated from the analyses of variance were 4.2 kg, 213 dpm and 7.0 and 181 ng/ml, respectively, for body weight, tritiated-testosterone binding and LH and FSH concentrations.
When seminal collections were attempted from these boars at approximately 13 mo of age, all seven treated boars successfully mounted and ejaculated. Only four of the six control boars provided ejaculates under the same conditions; one boar was partially lame and the second boar showed no sexual interest in the females provided. For those ejaculates collected, there was no difference between groups for the three estimates of seminal quality (table 1) .
Discussion
Active immunization of boars at 1 mo of age against testosterone-albumin resulted in the production of antibodies against testosterone that were detectable through 12 mo. The amount of binding of radiolabeled testosterone by plasma of these boars was similar to the binding obtained by Walker et al. (1984) in prepubertally-immunized bull calves. The apparent decline in testosterone binding in these boars from the peak at 3 mo of age was also similar to the pattern of testosterone binding observed in bull calves by Walker et al. (1984) . To counteract the decline in testosterone binding in the bull calves, Walker et al. (1984) re-immunized the calves with a different testosterone conjugate at 6 mo of age, which resulted in a second peak of testosterone binding. Because boars reach puberty at an earlier age than bulls (6 vs 10 mo; Sorensen, 1979) , a second immunization was not attempted in the present experiment.
The suppressive effect of immunization against testosterone on LH and FSH secretion in these boars was totally unexpected. Our original hypothesis in the present and two previous experiments involving active immunization Walker et al., 1984) was that antibodies generated against testicular steroids would reduce the amount of steroid reaching peripheral target tissues (such as the hypothalamic-hypophyseal axis) and thereby stimulate the secretion of gonadotropins, which would stimulate the developing testes. The negative testicular influence on LH secretion is present in boars at 8 wk of age because castration at this age increases LH secretion (Colenbrander et al., 1977) . In both of the previous experiments, testicular size and sperm production rates were increased by immunization, whereas the effects on LH and FSH secretion were minimal. It was concluded that the differences in gonadotropin secretion may have been too subtle to detect with the infrequent blood sampling schedules used in those experiments, or that the effects of immunization may have been directly on the testes Walker et al., 1984) . In the present study, testicular size and DSP rates at 14 mo of age were not affected by treatment even though gonadotropin secretion was inhibited throughout puberty and early adult life. It is possible that the generation of anti-testosterone antibodies in these boars resulted in an increase in negative feedback on the hypothalamic-hypophyseal axis rather than a decrease. That is, the binding of testosterone in plasma, if not avid enough to prevent entry of testosterone into target tissue, may have actually mimicked the role of binding proteins in the blood, which would have increased the net amount of hormone available to target tissues.
Regardless of the mechanism of suppression of LH and FSH concentrations in testosteroneimmunized boars, that testicular size and function were not altered at slaughter is contrary to the currently accepted model for regulation of testicular growth and development (Ortavant et al., 1977; Amann, 1983) . In rats, suppression aBoars were injected with antigen at 1 mo of age and again at 2, 3, 4, 5 and 6 mo of age.
bNo. = 6 for controls, No. = 7 for testosterone-immunized.
CMean • SE. There was no difference between groups for an}, characteristic (P>.IO).
dNo. = 4 for controls, No. = 7 for testosterone-immunized.
of gonadotropin secretion in the prepubertal male with exogenous steroid suppresses testicular growth and onset of spermatogenesis (Kincl et al., 1964; Steinberger and Duckett, 1965) . The suppression of gonadotropin secretion in the present experiment was similar to that observed by Schanbacher (1981) in bulls implanted with estradiol capsules. In that study, testicular growth was suppressed until removal of the capsules; the suppressive effects of the capsules could be reversed by frequent administration of gonadotropin-releasing hormone (Schanbacher et al., 1982) . There are several possible explanations for our findings in the present experiment, although none of them adequately explains the discrepancy between our results and the current model. First, it is possible that the low concentrations of gonadotropins observed in testosterone-immunized boars were sufficient to maintain normal testicular growth and development. This would imply that the higher concentrations observed in control boars were superfluous. Alternatively, testicular development in the boar may be independent of LH and FSH concentrations in plasma. Such a possibility is not supported by the data of Schinckel et al. (1984a,b) which indicated a significant relationship between testicular size and LH concentrations in boars. Lastly, it is possible that gonadotropin secretion increased in testosterone-immunized boars after 12 mo of age, when blood sampling was stopped, resulting in stimulation of testicular growth during the last 2 mo of the experiment.
Although maximal concentrations were higher in the present experiment, the agerelated changes in LH and FSH concentrations observed for control boars were similar to those reported by Schinckel et al. (1984a) . That is, concentrations of both gonadotropins increased after approximately 3 mo of age and remained high for several months. In general, boars begin producing spermatozoa as early as 4 mo of age and are used for breeding by 6 to 8 mo of age (Sorensen, 1979) . Thus, the increased gonadotropin secretion after 3 mo of age is associated with a high rate of testicular growth (Allrich et al., 1982) and the onset of spermatogenesis (Schinckel et al., 1983) . Although the bloodsampling regimen in the present experiment was not designed to characterize pulsatile gonadotropin secretion, it is likely that the large increase in LH and FSH secretion after 3 mo of age was due to the onset of such secretion (Kittok et al., 1984) . In addition to LH and FSH concentrations, the concentrations of testosterone and estrogen in plasma of control boars over time were similar to values reported by other researchers (Allrich et al., 1982; Schinckel et al., 1984a) . Because of this agreement of our hormonal data with those of other researchers, we are confident that no technical factor is involved with our unexpected findings in the testosterone-immunized boars.
The greater concentrations of testosterone in testosterone-immunized boars were likely due to binding of antibody rather than to increased testicular secretion of testosterone because intratesticular androgen concentrations were similar for both groups of boars. Moreover, estrogen concentrations in plasma were similar for both groups, which would indicate a similar degree of interstitial cell activity within the testes of treated and control boars (Raeside and Renaud, 1983) . Schinckel et al. (1984b) found no correlation between average LH and FSH concentrations in boars for blood samples collected from 42 to 140 d of age. However, mean concentrations of both gonadotropins varied in a similar manner over time in boars selected for high or low testicular weight (Schinckel et al., 1984a) . In the present experiment within-boar correlation coefficients were high for five of the six control animals, indicating a close coupling of secretion Of these two gonadotropins in the developing boar.
In conclusion, active immunization of prepubertal boars against testosterone did not stimulate testicular size and sperm production rates in the postpubertal animal as was observed for Holstein calves (Walker et al., 1984) . In contrast, immunization dramatically suppressed the normal rises in LH and FSH secretion that occurred in control boars after approximatey 3 mo of age. In spite of this suppression of gonadotropin secretion during the pre-and peripubertal period, testicular size and productivity in testosterone-immunized boars were similar to controls at 14 mo of age. Thus, it appears that the response to active immunization against testosterone in the prepubertal male may vary markedly among species. Moreover, the relationship between peripubertalgonadotropin secretion and testicular development in the boar must be studied further to determine if it is the same or if it differs from that in other domestic species.
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